Polymers and their composites are widely used for their specific properties. This paper deals with composite materials based on Jatropha Oil Cake. The research was focused on influence of a mass concentration of Jatropha Oil Cake, as the filler in epoxy adhesive, on hardness and abrasion resistance. In the experiments various mass concentrations of Jatropha Oil Cake from 5 to 30% were used. Composite materials were subjected to measurement of Shore D hardness and abrasion resistance of the threepoint method according to ASTM -G65. The results were analysed by statistical method ANOVA. Moisture of filler was 4.59 ± 0.22% WB. Results show that composite materials have higher weight loss than the matrix if free abrasives (fraction F60) were applied. When the free abrasives F400 were used, composite material showed comparable results with the matrix. Using of filler had no effect on changes of hardness according to Shore D. The advantage of composite systems based on Jatropha Oil Cake is utilization of waste from the presswork process that is difficult to use in the future. For example it cannot be used as a feed for animals.
Introduction
With the increasing use of a biological material in the composite production, a reduced demand for oil-based raw materials can be expected [1] . A fibre or particle reinforced polymer matrix has considerable attention in recent years due to the high specific strength, specific modulus and wear resistance in a comparison with metal-based materials. Pieces of equipment that are used for the treatment of soil, coal and cement are typical examples of abrasion during their work. Composite parts such as gears, seals, cams etc. are used in the automotive industry and can be found also in aerospace applications [2] [3] [4] . In light of the above mentioned information a thorough understanding of tribological properties of composite materials can be seen as very important [5, 6] . Tribological interactions of solid material, composite surface on the exposed side of the interface material and the environment, may lead to loss of material from the surface and they are known as a "wear" [7] [8] [9] [10] . Abrasive wear is caused by hard particles that slide on a solid surface [11] . The mechanism of abrasive wear of polymers and polymer composites was dealt in some publication in the past [12] [13] [14] .
Improvement of polymer tribological properties, when the filler is used, is well known. The use of fibres showed as positive as negative results on tribological properties of the polymer [2, 8] . There are two reasons to use the filler in a combination with a polymer: firstly to improve the tribological, [7] mechanical and thermal properties, and secondly to reduce the cost of final product. The high cost of conventional fillers leads to the use of alternative lowcost fillers to improve tribological properties of composites. One possibility is to use Jatropha Oil Cake, it is a byproduct from the mechanical oil extraction of Jatropha seed. In the process of extraction of seeds about 500 -600 g.kg -1 of Jatropha Oil Cake can be obtained [15] . The protein content of Jatropha Oil Cake is higher than soya cake or semolina [16] . It is edible and renewable source, and in the future it may have a great potential in the production of biodiesel [17] [18] [19] . During the next years it is expected increasing use of biodiesel as an alternative source to oil, due to the depletion of fossil fuels and with respect for the environment. A current research is therefore focused on the evaluation of Jatropha Oil Cake as the filler in composites for tribological applications.
This article deals with the wear of composite material, where a two-component adhesive is as a matrix and filler (discontinuous phase) is Jatropha Oil Cake. The aim of the research was material use of the waste from the presswork/extraction process of Jatropha seeds.
Material and methods
Objects of experiments were polymer composites consisted of two phases: continuous phase in the form of a twocomponent epoxy adhesive, and the discontinuous phase (reinforcing particles) in the form of Jatropha Oil Cake (Fig. 1 ). The wear and hardness according to Shore D were experimentally investigated.
The filler was obtained as a waste from the seeds of Jatropha during the presswork process. This waste of the process (Cake) was dried to a moisture content 4.59 ± 0.22 % WB and subsequently adjusted the size of particle by crushing. The filler thus obtained has not been further modified, e.g. fractionated. The concentration of subcomponents was determined and expressed in percentages by weight. Test specimens were made in the concentrations of 5, 10, 20, 30, 40 and 50 % of Jatropha Oil Cake.
The moulds for casting were made from the material Lukapren N using models. The form and size of moulds meets the corresponding standards.
Hardness SHORE D: Material hardness was measured by Shore D i.e. by pressing the tip of the instrument durometer Shito HT. The hardness SHORE D was measured according to the standard CSN EN ISO 868. Test specimens were 5 mm high.
In the wear tests the device utilizing free abrasive particles, specifically apparatus with a rubber wheel was used, which is shown in Fig. 2 . The device has a diameter of the rubber wheel 130 mm, width of the wheel 10 mm and a speed of 345 r.p.m. The test load was achieved by weight of 580 g, it means that the specimen was pressed by force of 32 N. As abrasive the synthetic corundum of a fraction F60 and F400 was used. A proper amount of abrasive was weighted to ensure 1 minute for the test process. For this purpose scales OHAVC CL SERIES with accuracy 0.1 g was used. The specimens were washed and dried after each test and then weighted on the scales KERN ABS with accuracy 0.0001 g. 
Results and discussion
During the statistical comparison ANOVA F-test was used. The zero hypothesis H0 was determined as a state when there is no statistically significant difference among the mean values of compared data sets: p > 0.05.
In terms of the effect of the Jatropha Oil Cake concentration and using of abrasives F60 and F400 to wear, there can be found results of ANOVA F-test as follows:
• H0 hypothesis was not confirmed in the wear when the free abrasive F60 (p = 0.00001) and F400 (p = 0.0064) was used, i.e. the difference is in the significance level of 0.05 among the particular tested concentrations of fillers. • H0 hypothesis was not confirmed in abrasive wear of composite materials at a filler mass concentration of 5 % (p = 0.0027), 10 % (p = 0.0036), 20 % (p = 0.0051), 30 % (p = 0.0008), 40 % (p = 0.0047) and 50 % (p = 0.0035), i.e. the difference is in the significance level of 0.05 among the particular tested abrasives F60 and F400. The hypothesis H0 was confirmed in the matrix, i.e. the composite consisting of 0 % of filler (p = 0.8623), i.e. there is no difference in the significance level of 0.05 among the particular tested abrasives F60 and F400.
In terms of the influence of the concentration of Jatropha Oil Cake on hardness by Shore D, the results of ANOVA F-test are as follows:
• H0 hypothesis was confirmed in the case of hardness by Shore D, i.e. there is no difference in the significance level of 0.05 among the particular tested concentration of filler (p = 0.0609). When the free abrasives F60 were used, a composite material showed higher weight loss than the matrix. The worn surface was rougher in the compare to surface after abrasive F400. It was achieved higher weight loss that is probably affected by bigger size of abrasive and also to fact that during the process of abrasion there are some particles ripped out from the composite matrix. The specific size of abrasive grains in a fraction F60 was mainly 275 μm and in a fraction F400 was 17.3 μm. According to above mentioned facts it can be said that the application of the F60 leads to higher wear. As it can be seen on the Fig. 5 the abrasion wear is almost exclusively on the matrix, the filler is protuberant above the surface, or ripped out from the matrix.
When the free abrasives F400 were used, composite material showed comparable results with the matrix. As it can be seen from the Fig. 5 , the matrix is worn as well as filler, i.e. there is any delamination of filler and matrix. The worn surface is shiny and scratched due to abrasive grains, which is visible also on the filler. In Fig. 3 it can be seen that increasing mass concentration of Jatropha Oil Cake in the matrix does not lead to increase of hardness (by Shore D) of the composite materials in the range of 5 to 50 %. The different experiments were performed for different types of fillers [2, 3, 6, 7] , as for example SiC, glass fibres etc. It was verified that the final hardness depends on the type of filler that is used. In the case of the experiments which are described in this paper, the addition of Jatropha Oil Cake as a filler has no effect on hardness with increasing ratio of the filler in the composite in comparison with the unfilled composite. The addition of Jatropha Oil Cake as a filler does not affect the hardness of the material under consideration.
Adding filler into thermosetting epoxy-based matrix affects the mechanical properties of the composite as it is described in the literature [20] [21] [22] [23] .
Filler composite material may be different Al2O3, SiC, glass beads, minerals, various metals, rubber particles [9, 10] . Mechanical properties of polymer composites strongly depend on the particle size of filler [24] .
A synergic effect is not always achieved, i.e. a significant improvement of mechanical properties. In some cases the cost of adhesive can be reduced due to its composite based while the properties can be comparable with unfilled adhesive. If the final results are negative, the Jatropha Oil Cake may be used for energy purposes [25] [26] [27] .
Conclusion
The following conclusions can be written from the experimental tests of three-body abrasive wear of filled and unfilled composite materials, where Jatropha Oil Cake was used as the filler.
• The weight losses were similar for filled and unfilled composites when the abrasive F400 was used. Even the change of a mass ratio of the Jatropha Oil Cake in the composite has no effect on the weight losses. • It was a found that in the case when the abrasive F60 was used, the increasing weight ratio of Jatropha Oil Cake in the composite led to increase weight loss.
• The hardness did not change with increasing ratio of Jatropha Oil Cake in the composite.
• Using Jatropha Oil Cake as filler in composites, may reduce the cost of manufacture of composites, therefore the direction of next research is how a fraction size of Jatropha Oil Cake affects the mechanical properties of composites.
